In this work we propose a new diagnostic to segregate cool core (CC) clusters from non-cool core (NCC) clusters by studying the two-dimensional power spectra of the X-ray images observed with the Chandra X-ray observatory. Our sample contains 41 members (z = 0.01 ∼ 0.54), which are selected from the Chandra archive when a high photon count, an adequate angular resolution, a relatively complete detector coverage, and coincident CC-NCC classifications derived with three traditional diagnostics are simultaneously guaranteed. We find that in the log-log space the derived image power spectra can be well represented by a constant model component at large wavenumbers, while at small wavenumbers a power excess beyond the constant component appears in all clusters, with a clear tendency that the excess is stronger in CC clusters. By introducing a new CC diagnostic parameter, i.e., the power excess index (PEI), we classify the clusters in our sample and compare the results with those obtained with three traditional CC diagnostics. We find that the results agree with each other very well. By calculating the PEI values of the simulated clusters, we find that the new diagnostic works well at redshifts up to 0.5 for intermediately sized and massive clusters with a typical Chandra or XMM-Newton pointing observation. The new CC diagnostic has several advantages over its counterparts, e.g., it is free of the effects of the commonly seen centroid shift of the X-ray halo caused by merger event, and the corresponding calculation is straightforward, almost irrelevant to the complicated spectral analysis.
INTRODUCTION
X-ray observations performed in the past two decades have revealed that more than half of the galaxy clusters host a bright, dense core where the intracluster medium (ICM) has cooled down to temperatures lower than that of the ambient gas, so that such cool core (CC; a nomenclature proposed by Molendi & Pizzolato 2001) clusters usually exhibit sharply peaked central X-ray emission. For example, based on the deprojected imaging analysis of an Einstein sample of 207 clusters White et al. (1997) found that cool cores appear in 62 +12 −15 % of the clusters. Almost at the same time Peres et al. (1998) studied a ROSAT sample of 55 clusters and estimated that 70 − 90% of the sample members can be classified as cool core systems. Later Chen et al. (2007) presented an imaging spectroscopic study of both ASCA and ROSAT data of 106 clusters, which were drawn from the HIFLUGCS (the Highest Xray Flux Galaxy Cluster Sample; Reiprich 2001; Reiprich & Böhringer 2002) sample, and concluded that about 49% of the sample clusters have cool cores. Recently by analyzing the Chandra data of a statistically complete sample of 64 X-ray selected HIFLUGCS clusters Hudson et al. (2010) found that the chance of the presence of cool core is 72% (the different claimed CC-fractions is mainly as a result of different definitions of CC, e.g., see Hudson et al. (2010) for study of different CC-diagnostics). Despite the fact that all these samples whose redshifts are mostly within 0.2, are flux-limited and thus may be biased to a certain degree toward clusters with a bright core, it is very clear that the cool core can be regarded as a common phenomenon in clusters located at z 0.2.
The characteristic radiative cooling time of a typical cool core is shorter than the age of the cluster, thus a significant cooling flow of a mass deposition rate of ∼ 10 2−3 M yr
should have been operating as predicted by the traditional cooling flow model (e.g., Fabian 1994 ). However, the observed X-ray gas temperatures of the cool cores never fall below a few keV, and much less cooling signature is found than if cooling-flows progressed unim-peded in radio, infrared, optical, and UV bands for the gases postulated to have a broad spectrum of temperature, especially those cooled rapidly to < 10 4 K. The contradiction between theory and observation invokes additional heating mechanisms (see Makishima et al. 2001 , and Fabian 2012 for a comprehensive review), among which the heating provided by Active Galactic Nuclei (AGN) is the most prevalent one since it is both adequately energetic and self-regulated. Actually a clear CC-AGN connection has been suggested via the detections of X-ray cavities, jets, lobes, and probably radio minihalos (radio mini-halos are not unambiguously linked to the AGN, e.g., Feretti et al. 2012) surrounding the radio-loud brightest cluster galaxies (BCGs) on roughly the same scales of the cool cores (e.g., Fabian et al. 2006; Wise et al. 2007; Baldi et al. 2009; Blanton et al. 2011 ). In about 70% of the CC clusters the central dominating galaxy appears as a radio galaxy (e.g., Burns 1990; Dunn & Fabian 2006; Best et al. 2007; Mittal et al. 2009) , and in nearly all CC clusters a radio emitting AGN creating cavities in the X-ray gas is found (e.g., Burns 1990; Eilek 2004; Sanderson et al. 2006; Fabian 2012) , notice that the radio-fraction depends on the strength of the CC (i.e. fraction increases from ∼ 67% to ∼ 100% for weak CC clusters to strong CC clusters, Mittal et al. 2009 ). On the other hand, Sun (2009) found that in a Chandra sample containing 152 groups and clusters all 69 BCGs with a 1.4 GHz power exceeding 2 × 10 23 W Hz −1 possess cool cores. Therefore, it is natural to speculate that the AGN outbursts suppress the overcooling of a CC cluster's core region and maintain the cluster in the CC state, meanwhile the feedback from the cooling gas in the cool core fuels and regulates the AGN activity (e.g., Donahue et al. 2005) .
Although the scenario that AGN and cool core interact with each other in an adaptive way is self-consistent, it does not fully agree with the observations of non-cool core (NCC) clusters, where the cool core has been prevented from forming and the fueling of the AGN is expected to have been quenched. The first counterintuitive case was reported by Gastaldello et al. (2008) . The authors found that in the relaxed poor cluster AWM 4 the gas temperature shows a relatively flat distribution at ∼ 2.6 keV and drops outwards quickly at 200 kpc, inferring that the cool core has been erased by a a past, major heating episode. This is supported by the facts that the corresponding central cooling time ( 3 Gyr) is long and the central gas entropy is high. Even with the newest high-quality Chandra data only a tiny cool core-like feature or a galactic corona can be identified within the innermost 2 kpc (Sun 2009; O'Sullivan et al. 2010) . In contrast to A1650 and A2244 that show similar thermodynamic properties (Donahue et al. 2005) , however, AWM 4 harbors an intermediately active central radio galaxy with extended radio lobes out to 100 kpc, which indicates that NCC system can also possess an AGN. In fact similar AGN outbursts also appear in about 45% of the NCC systems (Mittal et al. 2009 ; see also Sun 2009 and references therein) . Apparently these results expose our poor understanding about the CC-AGN relationship, raising the challenging question as to whether there exists a distinct difference between CC and NCC clusters; in other words, is the dichotomal classification of CC and NCC systems intrinsically reliable? To answer the question a deeper comparison between the X-ray properties of CC and NCC clusters is apparently necessary.
In order to define the CC-NCC dichotomy different diagnostics have been proposed in terms of, e.g., central temperature drop (e.g., Sanderson et al. 2006; Burns et al. 2008) , central cooling time (e.g., Bauer et al. 2005; O'Hara et al. 2006; Donahue 2007) , surface brightness concentration (e.g., Santos et al. 2008) , mass deposition rate (e.g., Chen et al. 2007 ), or X-ray surface brightness cuspiness (e.g., Vikhlinin et al. 2007 ). To determine which one of these can be used to unambiguously segregate CC from NCC clusters Hudson et al.
(2010) applied 16 CC diagnostics to a sample of 64 HIFLUGCS clusters (z 0.2), and found that the central cooling time is the best diagnostic parameter for nearby clusters with high quality data, whereas the cuspiness is the best for high redshift (z 0.03) clusters. In this work we further address this issue by introducing a new CC diagnostic based on the study of the X-ray image power spectra, which may provide an exquisitely detailed view of the imaging information (e.g., Walker et al. 2015; Zhuravleva et al. 2015) , of 41 galaxy clusters (z = 0.01 ∼ 0.54) selected from the Chandra's 15-year data archive. The paper is organized as follows. In §2 we describe sample selection criteria and data preparation. In §3, we present data analysis and calculation of image power spectra. In §4 and §5 we discuss our results and summarize the work, respectively. Throughout the paper we adopt a flat ΛCDM cosmology with density parameters Ω m = 0.27 and Ω Λ = 0.73, and Hubble constant H 0 = 71 km s −1 Mpc −1 . Unless stated otherwise, we adopt the solar abundance standards in Grevesse & Sauval (1998) and quote errors at 68% confidence level.
SAMPLE SELECTION AND DATA PREPARATION
In order to characterize the power spectrum of the X-ray image of a galaxy cluster, a high photon count, an adequate angular resolution, and a relatively complete detector coverage of the cluster should be guaranteed simultaneously. Therefore we constructed our sample by searching the Chandra archive for all public pointing observations 1 of galaxy clusters that satisfies the following three criteria: (1) the cluster was observed out to at least 0.45r 500 (r 500 is defined as the radius within which the mean density of the enclosed gravitating mass is 500 times the critical density of the universe at the cluster's redshift; see §3.2.3), meanwhile the 0.35r 500 regions is fully or nearly fully covered by the S3 or I0-3 CCDs of the Chandra Advanced CCD Imaging Spectrometer (ACIS), (2) the number of the photons collected within < 0.45r 500 during the observation is more than 12500 cts, and (3) the cluster should have been classified explicitly as a strong cool core (SCC), weak cool core (WCC), or non-cool core (NCC) system coincidentally with three traditional CC diagnostics (i.e., diagnostics based on the calculations of central cooling time, cuspiness, and 1 until October 1st, 2015 -7 -concentration parameter; §3.2.4). With these selection criteria we selected 41 galaxy clusters as the sample members, whose basic properties are listed in Table 1 .
For each cluster we started from the ACIS level-1 event files and followed the standard Chandra data processing procedure to reduce the data with CIAO v4.4 and CALDB v4.4.8.
To be specific, we first excluded the bad pixels, bad columns, and events with ASCA grades 1, 5 and 7. Next we carried out corrections for the gain, charge transfer inefficiency (for the observations performed after January 30, 2000), astrometry, and cosmic ray afterglow. By examining the light curve extracted in 0.5−12 keV from source-free regions or regions slightly affected by the sources, using LC CLEAN scrip in Sherpa we identified and removed the data contaminated by occasional particle background flares during which the count rate is increased by 20% over the mean value. In addition to above, we masked all the point sources detected beyond the 3σ threshold in the ACIS images with CIAO tools celldetect and wavdetect (Freeman et al. 2002) .
DATA ANALYSIS AND RESULTS

Background
In order to construct a local background template for each observation, we extract the spectrum from the boundary regions on the S3 CCD or I0-3 CCDs, where the influence of the thermal emission of the intracluster medium (ICM) is relatively weak, and fit the extracted spectrum with a model that consists of the ICM emission (a thermal APEC component absorbed by the Galactic column density given in Kalberla et al. 2005 and Dickey & Lockman 1990 . The gas abundance is fixed to 0.3 Z if it is not well constrained), the Cosmic X-ray Background (CXB; a power-law component with Γ = 1.4, which is also absorbed by the Galactic column density; e.g., Mushotzky et al. 2000; Carter & Read 2007) , the Galactic emission (two APEC components with kT = 0.2 keV and 0.08 keV, respectively; e.g., Humphrey & Buote 2006; Gu et al. 2012) , and the particle-induced hard component derived from the corresponding Chandra blanksky templates available at the Chandra Science Center. The background template for the observation (i.e., Galactic + CXB + particle components) can thus be determined when the best-fit is achieved. When the corresponding data are available, we have also compared the count rate of our background template calculated in 0.2 − 2 keV, where the effect of the particle component is less significant, with that of the archive ROSAT All-Sky Survey (RASS) diffuse background maps, and obtained consistent results. It is difficult to estimate the field-to-field variations of both the Galactic and CXB background components in each observation. As an approximation in the analysis that follows we estimate the model parameter error ranges by taking into account both statistical and systematic uncertainties (10% as a conservative estimate; Kushino et al. 2002) in the background.
Imaging Spectroscopic Study of Gas Properties
Gas Temperature Distributions
For each observation we define 5 − 7 concentric annuli, which are all centered on the cluster's X-ray peak. The width of each annulus is determined to guarantee a minimal photon count of 2500 cts in 0.7 − 7 keV, and for the outermost annulus the condition that the photon count is at least twice the background should be satisfied simultaneously. We extract the Chandra ACIS S3 or I0-3 spectra from these concentric annuli, and fit them by using the X-ray spectral fitting package XSPEC v12.8.2 (Arnaud 1996) . To minimize the effects of the instrumental background at higher energies and the calibration uncertainties at lower energies, we limit the fittings in 0.7−7 keV. In the model fits, we estimate the influence of the outer spherical shells on the inner ones by using the XSPEC model PROJECT, and fit the deprojected spectra with the optically thin, collisional plasma model APEC (Smith et al. 2001) , which is absorbed by the foreground photoelectric absorption model WABS (the column density N H is fixed to the corresponding Galactic value; see Kalberla et al. 2005 and Dickey & Lockman 1990) . Whenever the gas metal abundance is not well constrained, we fix it to 0.3 Z . We add an additional absorbed APEC component for the innermost annulus since it might be contaminated by the coexisting multi-phase gases (e.g., Makishima et al. 2001) , if the F-test shows that the fitting is improved at the 90% confidence level. In this case the ICM temperature is defined as that of the hot phase. Smoothed gas temperature profiles, as well as the smoothed metal abundance profiles, are then derived by running cubic spline interpolation to the best-fit model parameters for the annulus set. Finally we calculate the average gas temperature of the cluster (Table 1) by fitting the spectra extracted between 0.2 − 0.5r 500 ( §3.2.3) using the same spectral model as above.
X-Ray Surface Brightness Profiles and Gas Density Distributions
We create the exposure map for each observed image by using the spectral weights calculated for an incident thermal gas spectrum that possesses the same average temperature and metal abundance as the cluster ( §3.2.1). After the X-ray images are corrected by applying the exposure maps to remove the effects of vignetting and exposure time fluctuations, we use concentric annular bins, which are all centered at the X-ray peak of the gas halo, to extract the X-ray surface brightness profiles S X (R) (R is the two dimensional radius) in 0.7 − 7 keV.
Under the assumptions of hydrodynamic equilibrium and spherical symmetry, the threedimensional distribution of gas electron density n e can be expressed with a β-model (e.g., Cavaliere & Fusco-Femiano 1976) , n e (r) = n 0 1 + r r c 2 −3β/2 ,
or a double-β model (e.g., Jones & Forman 1984) n e (r) = n 0,1 1 + r r c,1
2 −3β 1 /2 + n 0,2 1 + r r c,2
when a detectable central surface brightness excess appears in the inner regions, where r c is the core radius and β is the slope. With the derived gas density profile and the profiles of gas temperature T (r) and metal abundance A(r), which are obtained in §3.2.1, we model the X-ray surface brightness profile as
where S bkg is the background, and Λ(T, A) is the cooling function. The density n e (r) is determined when the best-fit to the observed surface brightness profile is achieved via χ 2 -test.
Characteristic Radius r 500
In order to derive the characteristic radius r 500 , we first calculate the distribution of the total gravitating mass of the cluster in the regions covered by Chandra's field of view under the hydro-statics equilibrium assumption
where µ = 0.61 is the mean molecular weight per hydrogen atom, k b is the Boltzmann constant, and m p is the proton mass. In the regions outside Chandra's field of view, the mass profile M (< r) is obtained by fitting the result derived above by applying the NFW profile (Navarro et al. 1996) ρ(r) = ρ 0 (1 + r/r s ) 2 r/r s ,
where ρ(r) is the density of the total gravitating mass, and extrapolating the best-fit mass profile out to the point where the mean density of the enclosed gravitating mass is 500 times the critical density of the universe at the cluster's redshift (Calculated M 500 and r 500 are listed in Table 1 ). The comparison of M 500 between this and previous work (Zhao et al. 2015 ) was shown in Figure 1 , the results are consistent with each other.
SCC-WCC-NCC Classifications with Traditional Diagnostics
Using the observed profiles of X-ray surface brightness, gas temperature, metal abundance and gas density, the clusters in our sample can be classified explicitly as an SCC, WCC, or NCC system coincidentally 2 with three frequently quoted traditional CC diagnostics, i.e., the central cooling time (CCT, Hudson et al. 2010) t cool ≡ 5 2
(n e + n i )kT n e n H Λ(T, A) for r < 0.048r 500 ,
cuspiness (Vikhlinin et al. 2007) α ≡ − dlog(n e ) dlog(r) at r = 0.04r 500 ,
and surface brightness concentration parameter (Santos et al. 2008 )
which is the ratio of the integrated surface brightnesses within central 40 kpc to that within 400 kpc. With these diagnostic parameters and the corresponding criteria listed in Table 2 , the sample clusters are classified as an SCC, WCC, or NCC system, as shown in column 8 before the slash mark in Table 3 .
We find that in nine out of 12 SCC clusters the ratio of the central luminosity excess to the total luminosity integrated within 0.45r 500 (R excess ≡ L 0.7−7keV excess /L
0.7−7keV total
) is significant, ranging from about 8% to 50% (Table 3 ). In seven out of nine WCC clusters a central surface brightness excess is detected, but the ratio R excess is much lower (typically a few percent) except in A1651 ( 10%) and ESO306-G170B ( 21%). In NCC clusters the effect of the central luminosity excess, if it does exist, is actually negligible.
Power Spectra of the X-Ray Images
For each cluster we first calculate the two-dimensional Fourier transform of the backgroundsubtracted and exposure-corrected X-ray image (i.e., the flux distribution F ( R)), which is not smoothed, asF
where k is the wavenumber, and S represents the hole image by using the MATLAB tool fft2 and fftshift. We removed all the point sources detected beyond 3σ threshold, and fill the corresponding regions via interpolation with neighboring pixels assuming Poisson statistics.
The CCD gaps between the ACIS-I chips are filled in the same way. We find that the systematic errors introduced in the process are much smaller than the statistical errors, which will be estimated below, at wavenumbers that we are interested in (0.2 kpc −1 ≤ k ≤ 0.001 kpc −1 ). The two-dimensional power spectrum is then obtained as
Next, we create a random fluctuation distribution F err ( R) for the observed image by running follow the Poisson distribution, and add the fluctuations map into the observed map to create a simulated image F sim ( R) (i.e., F ( R) + F err ( R)). After 100 simulated images are randomly created, we calculate their power spectra and use the scatter of them to determine the error range of the image power spectrum P (k) of the cluster. In the simulation we have added an additional 5% systematic error to account for the subtle numerical and instrumental effects (e.g., errors introduced by the griding of image, the periodic boundary conditions, the inhomogeneity in the exposure between neighboring pixels, and the method of removing and filling point sources; Hudson et al. 2010) . The obtained power spectra and the corresponding error ranges for the sample clusters are plotted in Figures 2.
We find that in the log-log space the derived image power spectra of 39 out of 41 sample clusters become flat as the wavenumbers increases and can be represented by a constant component when the wavenumber is large enough (k ≥ 0.01 − 0.05 kpc −1 for 31 clusters, and k ≥ 0.05 − 0.1 kpc −1 for seven clusters, k ≥ 0.1 kpc −1 for one cluster), while at small wavenumbers a power excess beyond the constant component appears in all clusters, with a clear tendency that the power excess is stronger in CC clusters than in NCC clusters. This is very likely due to the fact that CC clusters usually harbor large bright cores (Vikhlinin et al. 2007; Santos et al. 2008) , which may significantly enhance the power on scales comparable to the cooling radius (r cool , ∼ 0.1r 500 as shown in Table 3 ; cooling radius is the radius within which the gas cooling time is < 7.7 × 10 9 yr, the light travel time form z = 1; Rafferty et al. 2006) . To illustrate this we plot the relative core brightness (defined as the ratio of integrated surface brightness within central 0.048r 500 to that within 0.45r 500 ) against the power ratio (defined as the ratio of power at 0.35r 500 to that at large wavenumbers where image power spectra reduce to a constant component) which reflect the power excess we mentioned above in Figure 3 , and find that there indeed exists an unambiguous correlation between the two parameters. We also have attempted to fit the observed power spectra by adding a β component into the model to represent the power excess, and find that in all sample clusters the model (β+constant component) can provide an acceptable fitting to the power spectrum in the log-log space (Fig. 2) . On the other hand, the model that consists of two β components always gives a relatively poor fit to the observed power spectrum in nearby all galaxy clusters.
In Figure 4 we plot the two-dimensional power spectra of the X-ray images of all sample clusters, together with the same power spectrum set scaled by r 500 (x-axis) and the power at 0.01r 500 (y-axis). In all cases the power spectra is truncated at five pixel −1 . In the figures we color-code the power spectra according to the classification based on the traditional cool core diagnostic parameters (i.e., central cooling time, cuspiness, and concentration parameter; see §3.2.4 and Table 2 ): blue for SCC clusters, green for WCC clusters, and red for NCC clusters.
The errors are typically about 10% for small wavenumbers and 20% for large wavenumbers, which consistent with the errors of Zhuravleva et al. (2015) in the same scale (Zhuravleva et al. (2015) specifically studied Perseus cluster), and are not shown in the figures for a better visualization of the profiles. Despite the large scatter, we find that there are systematic distinctions between the shapes of the unscaled power spectra of SCC, WCC, and NCC systems. The distinctions become more obvious when we examine the scaled power spectra, which implies that the Chandra image power spectra may be used to classify galaxy clusters located with in z ≤ 0.5 as CC or NCC systems, as will be discussed below.
DISCUSSION
In order to characterize the distinctions between the image power spectra of SCC, WCC, and NCC systems, for each cluster we locate two specific points on the line of the scaled power spectrum at wavenumbers k = 1/0.35 and 1/0.035, which correspond to the scales of 0.35r 500 and 0.035r 500 in the real image space, respectively, and use the two points as the left-top and right-bottom vertices to determine a rectangular box (Fig. 5) 3 . Using this box we introduce a new CC diagnostic parameter, i.e., the power excess index (PEI), to quantify the degree of the power excess as ∆ PE ≡ A below /(A below + A above ), where A below and A above denote the box areas below and above the line of the power spectrum, respectively. The CC diagnostic defined in such a way shows several potential advantages over its counterparts, which may be helpful in future large surveys such as e-ROSITA. For example, the application of PEI is free of the effects of centroid shift of the X-ray halo caused by merger event, which may make the determination of centroid of the X-ray gas halo ambiguous 4 , and the corresponding calculation is straightforward, almost irrelevant to the complicated spectral analysis. We then classify the clusters in our sample with the new diagnostic parameter and the corresponding criteria listed in Table 2 , and show the results in Figure 6 . We find that our classification agrees very well with those achieved with the traditional CC diagnostics, which are also displayed in Figure 6 , except for the cases of A2319, A2667, and ZwCl0015.
Possible reasons for the differences in classification are discussed below.
A2319 -This is a nearby, massive merging system showing a huge radio halo that extends out to about 35 (∼ 2 Mpc; Storm et al. 2015 and references therein) . By examining the Chandra image we find that the core region of the cluster is loose, flat, but well developed with distinct boundaries. In addition to this the core also shows a hierarchical structure with one flat core embedded in another. Using the PEI diagnostic, which is sensitive to such imaging substructures, we classify the cluster as a WCC system. This is supported by the results of O'Hara et al. (2004) , who revealed a relatively weak cool gas clump slightly 3 The positions of the points are chosen to cover the range where the observed power spectrum turns to be flat as the wavenumber increases 4 In such a case the calculation of PEI can be performed immediately after a rough estimate of r 500 is given by, e.g., the r 500 -temperature/luminosity scaling relations south of the X-ray peak on the Chandra temperature map and identified it as a previously unknown cool core. On the other hand we find that, because the gas temperature is high and the core is loose, comparing with typical WCC clusters A2319 tends to possess a longer central cooling time and a lower concentration parameter. This is why it is classified as an NCC cluster with traditional CC diagnostics.
A2667 -We classify this luminous cluster as an SCC system using the PEI diagnostic, and this is supported by the drastic gas temperature drop detected in the central 100 kpc in our deprojected spectral analysis (Fig. 7) . Previous ROSAT observation indicated that the cluster shows strong evidence for a cooling core (Rizza et al. 1998) , which is supported by the appearance of strong H α and [O II]λ3727 lines from the central dominating galaxy (Rizza et al. 1998) . Note that, using the central cooling time and concentration diagnostics the cluster can be classified as an SCC system marginally (1σ confidence level), while using the cuspiness diagnostic the cluster is classified as a WCC system (close to an NCC system).
ZwCl0015 -This cluster is less studied in literature compared with the above two Abell systems. On its Chandra image we find that, although the emission from the core region is sharply peaked, which leads to a lower central cooling time and slightly higher surface brightness concentration than typical NCC clusters, the X-ray emission from the core is apparently weaker than most WCC clusters. Moreover the gas temperature profile of this cluster shows very mild spatial variations and is actually consistent with a constant distribution (Fig. 7) . Due to these facts the cluster is classified as an NCC system using the PEI diagnostic, instead of a WCC classification suggested by the traditional CC diagnostics.
In order to investigate whether or not the PEI diagnostic is applicable to clusters located within z 0.5 or even at higher redshifts, we select three CC clusters (A1068, A1664 and RXCJ2014.8-2430), WCC (A2667, A795, and A963), and NCC (A2104, A2443, AC114) clusters respectively, each possessing an intermediate appearance in its own classification, as the templates, and create the corresponding simulated clusters that are located at z = 0.5, 0.6, and 0.7, by cloning the three template clusters under the assumption of non-evolution. In the process of cloning we have assumed a typical 50 ks of Chandra or XMM-Newton exposure, and have taken into account the effects caused by the changes of angular and luminosity distances (see Santos et al. 2008 for more details of this approach and Bouwens et al. 1998 for the original application in the optical band). We find that, if spatial resolution and signal-to-noise ratios that can be achieved in typical Chandra or XMM-Newton observations are assumed, the PEI diagnostic can work well at z = 0.5 if the flux of the simulated cluster is no less than 2.8 × 10 −13 erg cm −2 s −1 for Chandra or 1.6 × 10 −13 erg cm −2 s −1 for XMM-Newton, which roughly correspond to intermediately sized clusters with a gas temperature of ∼ 3 keV. The comparison between the PEI classifications of the simulated clusters and the PEI classifications of the origin ones was shown in Figure 8 . For simulated clusters located at z = 0.6 the PEI diagnostic fails in about 20% cases due to the limited signal-to-noise ratio and spatial resolution of a typical Chandra/XMM-Newton observation.
Based on these results, we conclude that with current Chandra and XMM-Newton data, the new diagnostic can be safely applied to at least intermediate redshifts as a useful complement to the traditional diagnostics, and to even higher redshifts with higher quality data provided by future missions.
It is worth noting that the power excess begins at k 0.01 − 0.05 kpc −1 in 31 clusters (76% of the sample), and at k 0.05 − 0.1 kpc −1 for seven clusters (17%). These correspond to 20 − 100 kpc or 10 − 20 kpc in real space, scales at which the fluctuations of X-ray surface brightness, gas density, and velocity were found (e.g., Walker et al. 2015 , Churazov et al. 2012 , Zhuravleva et al. 2015 , Rebusco et al. 2005 , Rebusco et al. 2006 . The fluctuations, which are speculated to be caused by either AGN feedback, or merger, or both, may contribute part of the power excess but not all, since the fluctuations should be detected at relatively low levels compared with the significance of the power excess ( 1 magnitude -18 -for SCC, 0.5 magnitude for WCC at 50 kpc, 0.5 magnitude for NCC at 200 kpc). To further evaluate this, we have attempted to use a two-dimensional β or 2β model, which is spatially smoothed, to approximated the emission distribution of the sample clusters. We find that the power spectra calculated from the modeled clusters show similar power excess as observed. Despite this, to quantitatively answer the question about how much the gas fluctuations contribute to the observed power excess still remains an interesting task in the future.
SUMMARY
We propose a new CC diagnostic based on the study of the two-dimensional power spectra of the Chandra X-ray images of 41 galaxy clusters (z = 0.01 ∼ 0.54). By calculating the power excess index we find that the CC-NCC classification based on our new diagnostic agrees very well with those obtained by the traditional CC diagnostics. a Only one time observation is used for each cluster, which has the best signal to noise ratio and the minimum offset.
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